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Conjugate polymers (CPs) achieve hundreds of amplification of fluorescence due 
to their unique π-π* conjugated electronic structures and rapid electron diffusion along 
the polymer chain. CPs, especially water-soluble conjugated polyelectrolytes (CPEs), 
bear numerous merits in terms of chemo- and biosensors, such as large extinction 
constants, high emission quantum yields, structurally controllable optical properties, 
and ultrafast exciton transport, an intrinsic trait that results in analyte-derived 
fluorescence signal amplification, named amplified quenching or superquenching. 
Therefore, in recent years, CPEs-based chemo- and biosensors have attracted 
increasing attentions and have been applied in sensing a wide range chemical species 
including metal ions, anions, small biomolecule, protein, DNA, etc. 
The study in this dissertation has been focus on developing highly sensitive and 
selective spin-labeled fluorescence-amplified probes, based on the fluorescence 
amplification of conjugated polymers and spin-labeling of nitroxide radicals. While 
the nitroxide radical, as a paramagnetic group, quenches the fluorescence of the 
conjugated polymers efficiently, it keeps paramagnetic properties of itself and 
endowes the spin-labeled conjugated polymer prefluorescent property. The 
fluorescence of the spin-labeled conjugated polymers can be readily restored when the 
nitroxide moiety of the spin-labeled fluorescent conjugated polymer is coupled with a 
carbon-centered radical or reduced to hydroxylamine, a poor acceptor of electron. The 
spin-labeled conjugated polymers exhibit fluorescence and ESR bi-modal response to 
antioxidants and carbon-centered radical. 
The dissertation consists of four chapters. 
Chapter 1, introduction. An brief introduction to fluorescence conjugated 
polymer and its latest development is reviewed, based on references, including the 
mechanism of signal amplification, synthesis, and applications in detection of 















the development of spin-labeled fluorescent probes and their applications in various 
areas, including detection of antioxidants and radicals, are introduced. The research 
objectives of this dissertation are proposed at the end of this chapter. 
Chapter 2, study on end-capped spin-labeled conjugated polymer. An end-capped 
spin-labeled conjugated polymer was designed and synthesized in this study. The 
soluble conjugated polymer (Sulfonated Poly(Phenylene Ethynylene), PPE-SO3) was 
synthesized, the intermolecular quenching by nitroxide radical of fluorescence of 
PPE-SO3 and the restoration of the quenched fluorescence of the polymer on addition 
of ascorbic acid (AA), were explored at first. Based on the positive results of 
intermolecular interaction between the polymer and radical, the soluble conjugated 
polymer functioned with nitroxide radical at the end of main chain (PPE-SO3-TEMPO) 
was designed and synthesized. PPE-SO3-TEMPO was weakly fluorescent, due to the 
quenching effect of the paramagnetic nitroxide moiety on the photo-excited state, but 
with a strong electron spin resonance (ESR) signal. On reaction with AA, the ESR 
signal of PPE-SO3-TEMPO disappeared accompanying with an enhancement of 
fluorescence, giving an expected bi-modal response to AA, but not as sensitive as 
expected.  
Chapter 3, study on the soluble side-chain spin-labeled conjugated polymer . 
Based on the above experiment results, the soluble side-chain spin-labeled conjugated 
polymer (PPE-SO3 functioned with side-chain TEMPO, PPE-TEMPO-SO3) was 
designed and synthesized. The nitroxide radicals were coupled onto the side-chain of 
conjugated polymer in order to enhance the efficiency of spin-labeling. 
PPE-TEMPO-SO3 showed highly selective response to antioxidants, such as AA, 
glutathione and L-cysteine. Selective detection of AA could be achieved by 
eliminating interferences resulted from thio-based molecules, such as glutathione and 
L-cysteine, by a thiol-blocking reagent. More importantly, further experiments 
showed that the sensing process was reversible. After adding AA to PPE-TEMPO-SO3, 
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